Introduction
Systemic lupus erythematosus (SLE) is a multisystemic autoimmune disease that primarily affects women of childbearing age. Women with SLE have a normal fertility rate, 1 making pregnancy a frequent subject of interest in these patients. Pregnancy and SLE are reciprocally adversely affected. Pregnancy may increase SLE activity, and have short or long-term adverse effects on renal function, while SLE can result submit your manuscript | www.dovepress.com
Dovepress

886
wu et al in adverse pregnancy outcomes and complications such as preeclampsia, preterm delivery, and fetal loss. 2 In past decades, SLE was a contraindication for pregnancy. However, with improvements in treatment and multidisciplinary management, the success rate of delivery in women with SLE has greatly improved. 3 Women with SLE can have successful pregnancies given that there is optimal timing of conception and close management during pregnancy.
The effects of lupus nephritis (LN) on fetal and maternal outcomes have been extensively studied. Khamashta reported that LN is a risk factor for pregnancy loss, especially in patients with renal impairment. 4 Moreover, higher incidences of fetal loss, intrauterine growth restriction (IUGR), and gestational hypertension have been reported, even in patients with LN with non-active SLE. 5 Smyth et al reported that LN was associated with premature birth and hypertension during pregnancy in a systematic review in 2010. 6 However, these reports had several limitations, such as a retrospective study design, insufficient number of participants, and limited scope of analyzed outcomes.
Therefore, we conducted a systematic review and metaanalysis of management and pregnancy outcome in women with SLE with or without LN to examine the effect and quantifiably clarify the effect of LN on pregnancy outcome, which also serves as an updated systemic review with a more complete analysis of pregnancy outcomes and antenatal management.
Materials and methods
Literature search
We carefully searched Embase, Medline database, ClinicalTrials.gov, and Cochrane Database of Randomized Controlled Trials for relevant English and Chinese language studies on June 28, 2017 . In addition, we examined the reference lists of the literature that met the inclusion criteria of our study. The search was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. 7 During the process of searching, we used a protocol that included the Cochrane Collaboration's search strategy for randomized controlled trials and related exploded terms, including Medical Subject Headings in combination with keywords and the following terms: systemic lupus erythematosus, SLE, lupus nephritis, pregnancy, pregnancy outcomes, maternal outcomes, fetal outcomes, and gynecology.
The search was carried out in June 2017, and only included studies that were published since the year 2000. Studies published prior to the year 2000 were excluded from this analysis because of more recent changes in health care facilities, medical conditions, laboratory data, and diagnostic criteria, and would therefore introduce bias to the analysis. The full results of our search strategy are shown in Appendix 1 Tables S1-S4.
Study selection
Studies were included if: 1. They compared pregnant women with SLE with LN (the experimental group) versus pregnant women with SLE without LN (non-LN) (the control group). 2. They reported adverse maternal and/or fetal outcomes.
Studies were excluded if: 1. They did not compare pregnant women with LN versus pregnant women with SLE without LN (only included the experimental group without including the control group). 2. They compared pregnant women with SLE versus pregnant women without SLE (not the objective of the present study). 3. They were reviews, editorials, guidelines, case reports, letters, abstracts, or summaries of meetings. 4. They did not involve pregnant women. 5. They did not report adverse maternal and/or fetal outcomes. 6. They were duplicates of the same studies.
Two authors (JY W and JH M) independently performed the first selection of studies based on titles and abstracts, and then examined the selected full texts. Disagreements between reviewers were resolved by consensus. If no agreement could be reached, the matter was resolved through discussion with another author (WH Z).
Analysis of outcomes
The following information was extracted from each included study:
• Names of authors 
Antenatal management (management of medication use during pregnancy)
It included all forms of the following drugs, regardless of dosage and method of administration:
Data collection
A standardized data extraction sheet was developed to record data. One author (JY W) extracted the aforementioned data from the included studies, and the other author (JH M) checked the extracted data. Disagreements were resolved by discussion between the two authors. If no agreement could be reached, another author (WH Z) would resolve the matter.
Assessment of risk of bias
The quality of the studies was reviewed by JY W and JH M using a modified version of the Newcastle-Ottawa Scale (NOS) for cohort studies and cross-sectional studies. 15, 16 Disagreements were resolved by consensus. This scale assesses risk of bias in the following three parameters: selection, comparability, and exposure/outcome. The total scores were 9 for cohort studies and 8 for cross-sectional 
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wu et al studies. A score $7 in cohort studies and $6 in crosssectional studies were indicative of a high quality study. 17 Furthermore, each study was assessed using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist, which is a 22-item checklist that assesses the essential items of observational studies. 18 The purpose of STROBE is not to assess quality, but to ensure clear presentation of the study. The results of the full-modified versions of the NOS and STROBE checklists are shown in Appendix 2 Tables S5 and S6 and Appendix 3  Table S7 . Funnel plots were used to visually estimate publication bias.
Statistical analysis
Dichotomous data were used for comparisons. The metaanalyses were performed by calculating odds ratios (OR) using a fixed-or random-effects model according to their heterogeneity. The heterogeneity across studies was assessed by the Q-statistic and I 2 statistic tests. When P Q ,0.1 or I
2
.50%, the heterogeneity was considered significant. Therefore, a random-effects model was used to calculate the pooled OR, and the sensitivity test was conducted to exclude studies that increased the heterogeneity. Otherwise, the fixed-effects model was used. Outcomes that were included in less than three studies or that were defined differently were evaluated qualitatively rather than by meta-analysis. All tests were twotailed, and P,0.05 was considered statistically significant. Analyses were carried out using RevMan 5.3 software.
Results
Study selection
A flow diagram of the study selection process is shown in Figure 1 . A total of 2,987 articles were extracted from the aforementioned databases. Following the screening of titles and abstracts, 104 full-text articles were assessed for eligibility. Finally, 16 articles were included in the quantitative synthesis of this systematic review.
Study characteristics
The main characteristics of the included studies are shown in Table 1 . There were 15 retrospective studies and one cross-sectional study. Patients were enrolled between the years 1970 and 2015, and studies were conducted in different regions such as Europe, South Africa, Canada, the US, and some Asian countries.
The 16 studies included a total of 665 LN pregnancies (experimental group) and 1,095 non-LN pregnancies (control group). The maternal age at delivery was reported in all studies, and all participants were of childbearing age. However, some studies only reported the mean age of patients 
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Pregnancy outcomes of lupus nephritis in both group. Additionally, not all participants in each study had biopsy-proven LN. Some studies exclusively included patients with biopsy-proven LN (n=5) as the experimental group, while others had varying percentages of patients with biopsy-proven LN (n=5). However, all participants were confirmed to have been diagnosed with SLE and LN upon enrollment in each study.
The diagnostic criteria for SLE varied in each study. The 1997 American College of Rheumatology criteria were the mostly widely used (12/16) . Others used the older version, while one did not indicate which criteria were used. The definitions of disease activity also varied. The majority (7/16) used the SLE disease activity index (SLEDAI or SLEDAI-2K), while six studies defined disease activity according to organ involvement and laboratory abnormalities. LN associated with SLE was determined primarily according to the 1995 classification system of renal biopsies of the World Health Organization (7/16), while others also used clinical and laboratory records. The definition of SLE flare during pregnancy varied as well. Most studies (13/16) defined it as new signs of active disease by clinical and laboratory variables or change in therapy ( Table 2 ).
Risk of bias within studies
The risk of bias within the studies was assessed by a modified version of the NOS for cohort studies and cross-sectional studies, and a STROBE checklist. The NOS and STROBE scores from each study are shown in Table 1 . The total NOS scores were 9 for the cohort studies and 8 for the crosssectional studies. The STROBE checklist has a total score of 22. All included studies were of high quality.
Maternal outcomes
We analyzed 13 maternal outcomes. Among them, 10 were included in the quantitative synthesis, and three were analyzed qualitatively. The outcomes are shown in Appendix 4 Table S8 .
Quantitative synthesis and heterogeneity analyses
In the present analysis, maternal outcomes in pregnant women with SLE with LN were compared with maternal outcomes in pregnant women with SLE without LN. Pregnant women with LN showed a significant association with gestational hypertension (OR=5.65, 95% CI=2.94-10.84), preeclampsia (OR=2.84, 95% CI=1.87-4.30), renal flare (OR=15.18, 95% CI=5.89-39.14), proteinuria (OR=8.86, 95% CI=4.75-16.52), and hypocomplementemia (OR=2.86, Table 1 Characteristics of studies included in the systematic review and meta-analysis Notes: Diagnostic criteria: 1) ACR 1997 criteria; 56 2) ACR 1982 criteria. 57 Histological lupus nephritis: 1) The 1995 world Health Organization categorization for lupus nephritis; 58 2) the 2004 classification of the International Society of Nephrology/Renal Pathology Society; 59 3) nephritis was established clinical and biochemically. Activity: 1) Organ involvement and laboratory abnormalities; 2) SLeDAi-2k; 3) SLeDAi; 4) lupus activity criteria count; 5) Systemic Lupus erythematosus Pregnancy Disease Activity index; 6) Adjusted Mean Systemic Lupus erythematosus Disease Activity index; 7) LAi-P; 8) PGA. Flare: 1) New signs of active disease by clinical and laboratory variables or change in therapy; 2) SLeDAi-2k; 3) SLeDAi score; 4) change in LAi-P; 5) change in PGA. aPL include lupus anticoagulant, anticardiolipin antibodies, and β2-glycoprotein i. APS was defined according to the Sapporo criteria. Abbreviations: SLe, systemic lupus erythematosus; LN, lupus nephritis; aPL, antiphospholipid antibodies; LBw, low birth weight; NA, not available; iUGR, intrauterine growth restriction; SGA, small for gestational age; GDM, gestational diabetes mellitus; APS, antiphospholipid syndrome; PROM, premature rupture of membranes; β2GPi, β2-glycoprotein; ACR, American College of Rheumatology; SLeDAi-2k, Systemic Lupus erythematosus Disease Activity index 2000; SLeDAi, Systemic Lupus erythematosus Disease Activity index; LAi-P, Lupus Activity index in Pregnancy; PGA, Physician Global Assessment. 95% CI=1.68-4.87), with low statistical heterogeneity in all outcomes, and the fixed-effects model was used. SLE flare was also significantly affected in pregnant women with LN (OR=2.66, 95% CI=1.51-4.70), with statistical heterogeneity across studies (I 2 =69%, P Q =0.001), and the random-effects model was used.
There was less positivity for anti-SSA/Ro autoantibodies in pregnant women with SLE with LN compared with those Figure 2 and Table 3 .
Sensitivity analyses
Regarding SLE flare, the statistical heterogeneity was high (I 2 =69%, P Q =0.001). Therefore, sensitivity analyses were performed (Table 4A) 2 =59%, P Q =0.02, respectively). These data indicated that the pooled results remained robust in the SLE flare outcome. 
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Qualitative analyses
There were two articles that studied PROM, 13, 19 both of which showed no significant difference between pregnant women with LN and those without LN. The same result was found regarding GDM. 19, 20 Saavedra et al found that more pregnancies with LN had evidence of active disease at conception (25.7% vs 6.6%, P=0.009), and active disease at conception was a predictor for any type of maternal complication (OR=16.4, 95% CI=1.97-137.2, P=0.01). 13 Carmona et al did not identify any differences between the two groups. 21 The results are shown in Appendix 5 Table S11A .
Fetal outcomes
We analyzed seven fetal outcomes. Among them, four were included in the quantitative synthesis, and three were qualitative analyses. The outcomes are shown in Appendix 4 Table S9 .
Quantitative synthesis and heterogeneity analyses
In these analyses, fetal outcomes in pregnant women with SLE with LN were compared with fetal outcomes in pregnant women with SLE without LN. Pregnant women with LN showed a significant decrease in live births (OR=0.62, 95% CI=0.49-0.80), with statistical heterogeneity across 
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wu et al studies (I 2 =0%, P Q =0.53), and the fixed-effects model was used. In addition, preterm births were significantly higher in neonates born from pregnant women with LN (OR=1.92, 95% CI=1.49-2.49), with low heterogeneity (I 2 =0%, P Q =0.76), and the fixed-effects model was used. There were significantly more neonates who were classified with LBW/IUGR/SGA in pregnant women with LN (OR=1.43, 95% CI=1.08-1.91), with low heterogeneity (I 2 =0%, P Q =0.76), and the fixed-effects model was used.
However, stillbirths (divided into two subgroups according to different outcome definitions, 20 weeks and 24 weeks) were not significantly different between pregnant women with LN and those without LN, either in subgroups or in total (OR=1.25, 95% CI=0.92-1.70). The results of fetal outcomes are shown in Figure 3 and Table 3 .
Qualitative analyses
A total of six cases of neonatal lupus were identified, and all the included studies showed no significant difference between pregnant women with LN and those without LN. 20, 22, 23 Five cases of congenital malformation were found in two included studies. 20, 23 There was no significant difference between pregnant women with LN and those without LN. Gladman et al reported one infant with cleft lip; one with cleft lip/palate, facial palsy, and visual/hearing impairment; and one with bilateral 2nd and 3rd toe syndactyly. Ku et al reported one neonate with tetralogy of Fallot, and another with atrial septal defect.
There were three studies that reported 1-min Apgar scores. Bramham et al analyzed neonates with 1-min Apgar scores ,7 and found no difference between the LN and non-LN groups. 24 Lv et al and Ku et al recorded 1-min Apgar scores (mean ± standard deviation), although neither study found a significant difference between the two groups. 23, 25 The results are shown in Appendix 5 Table S11B .
Antenatal management
We analyzed four antenatal management outcomes. Among them, three outcomes were included in the quantitative synthesis, and one outcome was analyzed qualitatively. The outcomes are shown in Appendix 4 Table S10.
Quantitative synthesis and heterogeneity analyses
In the present study, antenatal management in pregnant women with SLE with LN was compared with antenatal management in pregnant women with SLE without LN. Pregnant 
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Total events Saavedra et al 13 Bramham et al 24 Fatemi et al 53 Mbuli et al However, antimalarial treatment was not significantly different between pregnant women with LN and those without LN, with statistical heterogeneity (I 2 =72%, P Q =0.006), and the random-effects model was used.
The results of antenatal outcomes are shown in Figure 4 and Table 3 .
Sensitivity analyses
Regarding the use of antimalarials, statistical heterogeneity was high (I 2 =72%, P Q =0.006). Therefore, sensitivity analyses were performed (Table 4B ). The sensitivity analyses showed that after omitting the study by Kwok et al, antimalarial treatment was still not significantly different between pregnant women with LN and those without LN (OR=0.89, 95% CI=0.54-1.46, I 2 =28%, P Q =0.25). These data indicated that the pooled result remained robust in the antimalarials outcome.
We also found that the immunosuppressant treatment outcome had high heterogeneity (I 2 =53%, P Q =0.04), and that the high heterogeneity was mainly from the azathioprine subgroup (I 2 =71%, P Q =0.01), with the other two subgroups having low heterogeneity (cyclosporin: I 2 =0%, P Q =0.43; All immunosuppressants: I 2 =0%, P Q =0.42). Therefore, sensitivity analyses were performed (Table 4C) 2 =0%, P Q =0.53). These data indicated that the pooled results remained robust in the immunosuppressant treatment outcome.
Qualitative analyses
There were two studies that analyzed the use of aspirin during pregnancy. 24, 26 Bramham et al found that patients with LN were more frequently taking low-dose aspirin compared with patients without LN. However, Kwok et al found no difference between the two groups. The results are shown in Appendix 5 Table S11C.
Risk of bias across studies
Funnel plots allowed for visualization of the relationship of publication bias among the included studies in this metaanalysis. Figures 5-7 show the funnel plots evaluating the three categories of outcomes (maternal outcomes, fetal outcomes, and antenatal management). In these analyses, the shape of each funnel plot appeared almost symmetrical, meaning that publication bias was mildly evident across all studies.
Discussion
This systematic review provided a complete overview of published reports on management and pregnancy outcome in women with LN. Overall, we found that LN was associated with higher risk for adverse maternal outcomes such as gestational hypertension, preeclampsia, SLE flare, renal flare, proteinuria during pregnancy, and hypocomplementemia. Furthermore, LN was associated with lower rate of live births, higher rate of preterm births, and significantly higher 
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Pregnancy outcomes of lupus nephritis number of infants with growth restriction (LBW/IUGR/ SGA). There were also significant differences in medications used. For example, women with SLE with LN had increased treatment with steroids and immunosuppressants compared with those without LN.
Recently, a systematic review of women with SLE and the risk of preterm birth showed that preterm birth was significantly associated with patients with SLE with a history of LN, or in patients with active nephritis. 27 However, the review mainly focused on the association of SLE or Gladman et al 20 Bramham et al 24 Ko et al 52 Saavedra et al 13 Fatemi et al 53 
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Odds ratio M-H, fixed, 95% CI 2. 48 (1.59, 3.87 LN with preterm birth and did not include other pregnancy outcomes. Similarly, a systemic review of pregnancy outcomes in women with SLE from 2010 showed that LN was associated with premature birth and hypertension during pregnancy, 6 which was consistent with our analysis. Moreover, the authors indicated the importance of optimal timing of pregnancy in patients with SLE with LN. The present study serves as an updated systemic review, and included a more complete analysis of pregnancy outcomes and antenatal management. Notably, antenatal management was not reported in previous studies. Another meta-analysis showed that SLE had a strong effect on adverse maternal and fetal outcomes following pregnancy, including cesarean section, preeclampsia, hypertension, fetal loss, premature birth, SGA, and congenital defects. 28 However, the previous metaanalysis reported pregnancy outcomes in women with SLE and those without SLE, and the included studies were limited regarding some of the reported outcomes. In our analysis, we focused on the differences between pregnant women with SLE with LN and those without LN.
The prevalence of SLE is 14.6-50.8 cases per 100,000 people, 29 and thus there is a low prevalence of these pregnancy outcomes. Therefore, studies of the associations of LN with pregnancy outcomes are limited, and they have obvious variations in study design, diagnostic criteria, statistical methods, bias, and outcomes analyzed. Furthermore, the study population and status of LN also varied in these studies. Performing a systemic review, including meta-analyses, allowed for the accumulation of more data for determining the actual associations in the larger population.
LN was shown to be a strong risk factor for gestational hypertension, preeclampsia, preterm birth, and fetal loss, which was supported by other studies. 1, 3, 4, 6 One review recommended that for patients with SLE with LN, SLE should be in the remission stage for at least 6 months before conception because adverse pregnancy outcomes are related to active nephritis. 5 This may be because of compromised microcirculation in the uteroplacental vessels of SLE patients with high blood pressure and LN. Additionally, pregnancy itself contributes partially to renal impairment and subsequently to renal failure in the late stage of pregnancy. 30 Clinically, 24-h urinary protein is an indicator of renal function. Our 
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Pregnancy outcomes of lupus nephritis analysis showed that proteinuria (300 mg/24 h) had high incidence in women with nephritis, which was consistent with previous studies. This suggested that renal involvement and the presence and degree of proteinuria at the time of conception may contribute to adverse pregnancy outcomes. 22, 31 Thus, it is critical to continuously monitor renal function and proteinuria in pregnant patients with LN.
The flare rate in LN remains controversial. In our analysis, the SLE flare rate and renal flare rate were both higher in the LN group. By contrast, a previous study found lower flare rates in the nephritis group compared with all patterns of SLE (however, the sample-size in the study was relatively small). 31 In a study of 113 pregnancies with LN, there were 30% with flares. The study also indicated the risk factor of renal flare associated with renal function during pregnancy: patients with either proteinuria .1 g/24 h or glomerular filtration rate ,60 mL/min/body surface area had a ninefold increased risk of flare. 12 Clinically, a woman with a history of LN and/or renal flare during pregnancy is more likely to have flares in future pregnancies. 32 Anti-Ro/SSA antibodies have previously been shown to be related to miscarriages and loss of pregnancy, 33, 34 although this association has not yet been proven in more recent studies. 35, 36 The main adverse outcomes related to anti-Ro/SSA antibodies are neonatal lupus and congenital heart block. However, in the present analysis, there was a lower percentage of patients who were positive for anti-SSA antibodies in the LN group (Figure 2 ), which has not been reported in other studies. Unfortunately, our analysis included a small number of participants. Therefore, further investigation into the association of LN with neonatal lupus and congenital heart block is warranted.
Complement is important for the development of the placenta and normal fetus. 37 It is estimated that up to 20% of first trimester pregnancy losses are associated with hypocomplementemia. 38 SLE flares are often associated with low C3 and C4 levels, 39 and normal levels of C3 and C4 are associated with a reduction in SLE flares. 40 In the present analysis, we found a significant association between LN and hypocomplementemia, which was consistent with the observation that LN was associated with a higher risk of pregnancy loss and SLE flare.
A growth-restricted neonate has three times the risk on neonatal death compared with one with normal weight. 41 Adverse consequences of fetal growth restriction include respiratory infection, cardiovascular or metabolic diseases, and neurodevelopmental retardation. 37 In our review, we merged three definitions of growth restriction as a single fetal outcome (LBW/SGA/IUGR) to clarify the association with fetal growth restriction, because the included studies used them interchangeably. However, it is important to clarify the definitions of the three terms. LBW refers only to infants with birth weight #2,500 g, regardless of the gestational age and cause. 42 SGA refers to infants whose weight is less than the lower 10% limit of the CI of the normal curve for gestation weight. 43 IUGR refers to processes that can limit the potential for intrauterine growth of the fetus. 44 SLE has been reported to be associated with poor fetal growth in many studies. 1, 3, 29, 32 The common underlying factor was vascular pathology that reduced uteroplacental perfusion. Lupus increases the frequency of fetal growth restriction and preterm birth by 30%-50%, which are also affected by the type of nephritis and hypertension. 44 This was fully demonstrated in our results. These observations indicate that more attention should be paid to fetal growth status in pregnant women with LN.
Immunosuppressive therapy for SLE is often used when there is a flare, or as maintenance therapy for patients in remission. Because most immunosuppressants are teratogenic, azathioprine and cyclosporin are the most commonly used during pregnancy, given that they were proven to be safe for use during pregnancy. 45 When we compared the use of immunosuppressants and steroids in women with LN and those without LN, we found that women with nephritis tended to have used more medication, which indirectly indicated that the disease was unstable. Antimalarials are now a first-line therapy for SLE in pregnancy. They are safe for pregnancy, and are proven to be associated with a reduced risk of congenital heart block in neonates. 46 Aspirin has been proven to prevent preeclampsia in women with SLE. 47 The European League Against Rheumatism and European Renal Association-European Dialysis and Transplant Association guidelines recommend low-dose aspirin therapy for all patients to prevent preeclampsia. 48 Our analysis included a limited number of studies that involved the use of aspirin, and may represent a direction for further study.
LN as one of the most serious manifestations of SLE apparently increases the risk of both maternal and fetal adverse outcomes. Our data further support the importance of pregnancy planning, pre-conception evaluation, and counseling of women with SLE, especially those with LN. Patients should be informed that disease flare is common during pregnancy, especially in nephritis patients. Therefore, we highly recommend LN patients to be in remission stage for at least 6 months before conception in order to get positive pregnancy outcome and avoid disease flare. Our study also 
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wu et al emphasizes the importance of motoring fetal growth status, as fetal growth restriction accounts for one-fifth of the fetuses among nephritis patients. Monitoring strategies should be strengthened in these women during pregnancy.
The present study is noteworthy for several reasons. This is the first systemic review and meta-analysis that comprehensively compared pregnancy outcomes and antenatal management between pregnant women with SLE with and without LN. Additionally, several outcomes were analyzed from data from large sample sizes from different settings. The outcomes were complete and involved almost every key aspect of pregnancy, especially the use of medication, which has not been reported in previous reviews. Furthermore, the present review included the use of NOS and STROBE to evaluate the quality of the included studies, and we performed sensitivity analyses for all results with high heterogeneity.
Limitations
First, all included studies were retrospective observational studies, in which the results might have reporting bias. Second, a mild level of publication bias existed across studies. Third, there were variations in diagnostic criteria, the measurement of SLE activity, and the percentage of patients who underwent renal biopsy among studies.
Conclusion
Patients with LN tend to have an increased risk for gestational hypertension, preeclampsia, SLE flare, renal flare, proteinuria, and hypocomplementemia during pregnancy, compared with those without LN. Additionally, LN was shown to contribute to increased incidence of fetal loss, premature birth, and fetal growth restriction. Increased use of steroids and immunosuppressants was found in pregnant women with LN. Therefore, pre-pregnancy counseling, optimal timing of conception, and close monitoring in antenatal care, especially of renal function and blood pressure, are critical in SLE patients with LN. Further studies should be conducted on antenatal management, including assessment and medication use in pregnant women with LN.
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